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ABSTRACT
The economic impact of rotation frequency (twice weekly vs. twice

monthly until time of weaning) and time of weaning (early April vs.
56 d later) was examined for fall-calving cows using a modified put
and take grazing strategy implemented to maintain equal grazing pres-
sure across production systems. Cow and/or calf death losses resulted
in replacements with either bred cows or cow–calf pairs. While the
analysis on heifer calves was limited to sale at time of weaning, steer
calves were tracked through the feedlot stage to determine if the
time of sale would alter production system recommendations. For
the conditions presented in this study, cow–calf producers may be ad-
vised that (i) relative to late weaning, early weaned calves did not
regain their weight disadvantage observed at time of weaning; (ii)
more intensive pasture management (rotating twice weekly rather
than twice monthly) was not worth the effort because partial return
results for late-weaned steer and heifer calves did not differ statis-
tically by rotation frequency, regardless of sale time; (iii) partial re-
turns were highest for steer calves retained through the finishing
stage at the feedlot (regardless of production system) compared with
sale at the time of weaning or at the time of placement in the feed-
lot; (iv) the range of returns or financial risk exposure increased with
length of calf ownership. However, use of long-term average prices
excluded input price risk from the analysis and output price risk was
only partially addressed.

COW–CALF PRODUCERS are often faced with the de-
cision on when to wean (Myers et al., 1999a, 1999b)

and/or at what time in the calf’s life cycle to sell the
herd’s calves (Gill and Lusby, 2005; Marsh and Feuz,
2002; King-Brister, 2003). In the midsouthern USA, this
decision can be somewhat complex, especially for pro-
ducers using a fall-calving system. Calves can be weaned
in early April to (i) allow for the weaning stress to occur
during cooler temperatures; (ii) potentially sell calves at
seasonally higher prices (King-Brister, 2003); and (iii)
allow for additional grazing by other livestock or hay
harvest. By the same token, weaning in lateMay or early
June would delay weaning stress past the peak spring
forage season which would allow for heavier weaning

weights, albeit at seasonally lower prices. Further, if
calves are retained through to the fall to be sold as
yearlings to feedlots, how will early and late-weaned
calves, pastured during the summer months, compare in
terms of performance? Finally, if steer calves are re-
tained through the finishing stage, what are the financial
repercussions for the cow–calf producer, and second,
will the cattle market send the same signal about what
production system to use regardless of when the steer
calves are sold?

A more basic question that may affect the above is-
sues is how often to rotate pasture paddocks. Up to a
point, a higher rotation frequency (holding stocking rate
constant) is expected to allow for more optimal pasture
utilization, thereby enhancing reproductive performance
(Holechek et al., 1998), as well as beef production per
acre (Walton et al., 1981; Bertelsen et al., 1993; Hoveland
et al., 1997). However, individual animal performance
may not be enhanced (Bertelsen et al., 1993; Hoveland
et al., 1997; Barker et al., 1999; Lomas et al., 2000) or
actually may be reduced (Volesky et al., 1990). Another
benefit of more intensive forage management is improved
forage persistence (Mathews et al., 1994; Hoveland et al.,
1997). Lower rotation frequency, on the other hand, re-
duces investment in fencing and associated repair cost
and is less management intensive.

The objectives of this 4-yr study were therefore to
analyze (i) the impact of rotation frequency and wean-
ing date of fall-born calves on economic performance
per cow; (ii) identify the optimal sale time for steer
calves (at time of early or late weaning, before place-
ment in the feedlot in the fall, or at time of finish in the
following spring); and (iii) determine whether produc-
tion system recommendations change with the length of
ownership of the steer calves.

MATERIALS AND METHODS

Experimental Description

Fall-calving 75% Angus 3 25% Brangus cows were bred
using a 100% Angus herd sire. These cows were stratified by
weight and age and placed randomly on eleven pastures of
varying size in April of 2000. While pasture size varied, the
stocking rate of »0.9 cows ha21 (resulting in four to six cows per
pasture) was held constant across production systems. Using a
randomized complete block design, pastures were divided by
main effects of (i) rotation frequency (twice weekly using
eight equally sized paddocks per pasture or twice monthly with
two equally sized paddocks); and (ii) time of weaning (early
April vs. 56 d later). Three replicates for each production system
were used each year with the exception of the 8E system, where
only two replicates were available due to lack of pasture avail-
ability in the first 2 yr (the 12th pasture was added in year 3).
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The pastures were located at the University of Arkansas
Experiment Station near Batesville, AR (35j52¶ N, 91j45¶ W)
on Clarksville (loamy-skeletal, siliceous, semiactive, mesic Typic
Paleudults) and Gepp (very-fine, mixed, semiactive, mesic Typic
Paleudalfs) very cherty silt-loam soils. These soils are character-
ized as being deep, somewhat excessively drained, having 8 to
40% slopes, and not adapted to tillage (Ferguson et al., 1982).
Pastures consisted mainly of Neotyphodium coenophialum–
infected tall fescue (Festuca arundinacea Schreb. L.; Coffey
et al., 2005); they were fertilized and maintained according to
recommendations of the University of Arkansas Cooperative
Extension Service (Chapman, 2001). Pasture paddocks were
only used for grazing, and excess forage during the spring
peak growth period was managed by temporarily adding cull
cows to pastures to control excess available forage. Depend-
ing on pasture treatment and size, this resulted in 43 to 49 d
of grazing in 2000 and 14 to 22 d in 2001. The practice of
adding cull cows during the spring period was discontinued
for 2002 because (i) weather conditions were more droughty
than expected, thereby reducing late-summer available for-
age below critical levels during 2000, and (ii) an armyworm
(Pseudaletia unipuncta L.) infestation caused a shorter-than-
expected grazing period in 2001.

Supplemental feeding during the winter months occurred in
the form of tall fescue hay when available forage was limiting,
and a corn–soybean meal supplement was fed during the 60-d
breeding season. The corn–soybean meal supplement was for-
mulated to maintain cows at their present body condition score
(National Research Council, 1996), and was fed equally to
each pasture group. Overall, the pasture management strategy
across all treatments was to maintain consistent grazing pres-
sure by adding or removing cull cows and/or adjusting for cow
and calf death losses with cattle replacements (bred cows and/
or cow–calf pairs as deemed similar to what a producer might
do on a ranch).

All calves were weighed at both weaning dates. Heifer
calves were either sold at time of weaning or retained for herd
replacement. Once weaned, steer calves (castrated within
24 h of birth) were kept on separate pastures during the sum-
mer months without supplemental nutrition other than trace
mineralized salt. They were weighed before shipment (begin-
ning of October through mid-November) to a commercial
feedlot in Kansas where they were offered a finishing ration
in a common pen for 156, 187, and 203 d in 2001, 2002, and
2003, respectively.

Economic Analysis

A partial return analysis on a per-cow basis, accounting only
for revenue and cost differences associated with weaning time,
rotation frequency and time of calf sale was deemed appro-
priate for the following reasons: (i) differences in reproduc-
tive performance across production systems was negligible
(Coffey et al., 2005) and could be accounted for by tracking
cattle replacement costs as a result of breeding failure or death
losses; (ii) the pastures were managed for consistent grazing
pressure and thus the need to differentiate for production by
unit of land was deemed unnecessary; (iii) calculation of ac-
tual profitability would not aid in differentiation across pro-
duction systems; and (iv) accounting for death losses and
calf sex differences requires fewer modifying assumptions on a
per-cow rather than per-unit-of-land basis. Note that cost dif-
ferences across systems included both operating and owner-
ship charges.

Partial returns per cow are defined as calf and cull cow sales
less cattle purchase, supplemental hay and feed, summer
grazing, steer feedlot costs, cattle replacement, death loss, and

prorated fencing and interest costs. These partial returns were
further differentiated by sex of calf as the ratio of steer and
heifer calves was inconsistent across production systems. The
treatment with the highest partial returns would be preferred
over its alternatives.

Calf and Cull Cow Sales

The 1996 to 2004 averages of monthly Arkansas and Kansas
prices for calves, cull cows and replacement cows or cow–calf
pairs were used depending on (i) weight of calf; (ii) sex of
animal; (iii) pregnancy status and/or calf vs. no calf at side; and
(iv) time and location of sale (Agricultural Marketing Service,
2005; Livestock Marketing Information Center, 2005). A 9-yr
average monthly price was chosen to eliminate the effects of
cyclically high or low cattle prices and because consistent price
series for all prices were available for that period. All calf
weight information was adjusted for 4% shrink to account for
weight loss during transit and marketing. Since other mar-
keting charges depend on trade terms and vary by location,
they were not included in any of the treatment analyses. All
cattle prices were adjusted for inflation using the seasonally
unadjusted consumer price index to represent costs and re-
turns in 2004 dollars (Bureau of Labor Statistics, 2005). Costs
were representative for conditions in Arkansas in 2004.

Supplemental Hay and Rotational Fencing Charges

The amount of hay supplemented during winter months was
recorded for each pasture to account for differences in feed
costs that were expected as a result of differences in available
stockpiled fescue (in turn a result of rotation frequency). Hay
feeding costs were subsequently averaged by treatment and
equally weighted across all years to remove the impact of
unusually high or low feeding costs for any given year. The
corn–soybean meal supplement was identical, regardless of
treatment. Pastures with a higher rotation frequency required
additional fencing and associated costs depend on the size of
the cow herd, as well as the terrain of the pastures. Similar to
King-Brister (2003), this analysis used (i) a capital recovery
rate of 5%; (ii) a permanent five-strand barbed wire perimeter
and two-strand electric cross-fence cost of $1.05 and $0.26 m21,
respectively; (iii) a useful life of 20 yr with zero salvage value;
(iv) a 40% repair cost factor1; and (v) an adjustment to fencing
costs by adding 20% to account for terrain-based fencing
(curves, hills, etc.). On a per-cow basis, the difference in capital
and repair costs for two vs. eight paddocks was approximately
$1.50 cow21. No other charges for the higher rotation fre-
quency were assigned as they were deemed similar in terms of
management & labor intensity as well as no observed effects
on species composition (Coffey et al., 2005).

Adjustments for Time of Sale

Steer calves could be sold at (i) time of weaning in early
April; (ii) 56 d later; (iii) as yearlings to the feedlot; or (iv) as
finished cattle. To make partial returns per cow comparable
across the aforementioned sale times, differences in summer
grazing charges, capital returns foregone due to deferred sales,
death losses, and feedlot charges of feed, insurance, and yard-
age were calculated. Table 1 presents a summary of feeding
charges and opportunity cost adjustments necessary to cal-
culate partial returns that conceptually would be achieved had
all steer calves been sold by the time of slaughter. An early
weaned steer would thus have investment returns from the

1 The repair cost factor determines repair and maintenance cost as a
percentage of original purchase price.
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proceeds of the sale that would be achieved from its time of
sale until it would have been processed. Selling at the latest
stage, by the same token, incurs a full charge of summer pas-
ture, veterinary and incidental charges, death loss, feeding and
operating interest charges, and no adjustment for foregone
returns of capital.

Grazing Charges

Steer calves weaned in the spring were prepared for feedlot
placement in the fall by grazing pasture during the summer
months. All calves were commingled and grazed as a group
in a rotational system utilizing predominantly bermudagrass
[Cynodon dactylon (L.) Pers.] pastures. Costs associated with
rotation frequency differences were therefore not maintained
during this period and calves were also not supplemented to
improve weight gain. The only summer grazing charges there-
fore included a pasture fee of $18 head21 (hd) which repre-
sentedmainly fertilizer, fuel, weed control, and operating interest
(King-Brister, 2003). The fee was adjusted by length of stay
to allow for differences in time of steer calf sale (i.e., for calves
sold at weaning, late-weaned calves incurred part of the sum-
mer grazing fee whereas early weaned calves did not).

Estimation of Feedlot Charges

Kansas State University maintains an extensive database
on average feedlot production costs as reported for thousands
of head each month by commercial Kansas feedlots. Monthly

data from 1996–2004 allowed estimation of long-run average
cost of gain as follows:

COG 5 f (WGAIN, FCV, CORN, ALF) [1]

COG in $ lb21 of weight added in the feedlot was the reported
average, deflated feedlot cost of feed, veterinary charges,
insurance, and yardage for steer calves finished in a particular
month (Livestock Marketing Information Center, 2005);
WGAIN in pounds hd21 was the average weight added to
steers during their stay in the feedlot; FCV represented feed
conversion and was the ratio of average weight of feed hd21

(dry matter basis) per WGAIN; CORN was the average, de-
flated price of corn in $ bu21 during the previous 5mo; andALF
was the deflated price of alfalfa hay in $ U.S. ton21. Regression
analysis, reported in Table 2, revealed that »98% of variation

Table 2. Cost of Gain Regression Equation Results using 1996–
2004 Feedlot Cost of Gain Data Reported for Commercial
Kansas Feedlots.

Dependent variable: COG† Coefficient SE‡ Average

Independent variables
C*** 229.7269 8.6078
WGAIN** 20.0225 0.0073 484.76
FCV*** 9.7072 1.0708 6.07
CORN*** 11.3977 0.3851 2.93
ALF** 0.0424 0.0129 96.36

Adj. R2 0.9817
SE of regression 1.3238
Mean of COG 55.75
F statistic*** 1384.88
No. of observations 104

** Significant at the P , 0.01 level of significance.
*** Significant at the P , 0.001 level of significance.
†Variable descriptions are as follows: ALF was the deflated price of alfalfa
hay in $ U.S. ton21; C was the constant term; COG was the average
deflated cost of gain in $ lb21 of weight added in the feedlot for a steer calf
finished in a certainmonth; CORNwas the deflated price of corn in $ bu21

averaged across the previous 5 mo; FCV was the ratio of average weight
of feed hd21 (dry matter basis) per WGAIN; WGAIN was the average
weight added to steers during their stay in the feedlot in lb hd21.

‡ Standard errors are adjusted for heteroskedasticity and autocorrelation
using the Newey-West HAC option in EVIEWS 2.0 (Hall et al., 1995).

Table 1. Accounting for time of sale differences by adjusting for
differences in feed and handling charges, foregone interest, and
death losses on steer calves.

Time of sale†

Description
Early

weaning
Late

weaning Feedlot Finish

Revenue
Steer Sale April June October/

November
April/May

Investment returns‡ yes yes yes no
Cost
Supplemental

hay, cow–calf
replacement, and
cull cow grazing
returns§

yes yes yes yes

56-d grazing¶ no yes no no
Summer grazing# no no yes yes
Feedlot charges†† no no no yes
Death losses‡‡ no no no yes

†Early weaning occurred on 4, 10, and 9 April of 2001, 2002, and 2003,
respectively. Late weaning was 56 d later than Early Weaning. Feedlot
placement occurred on 12 Nov. 2001, 1 Oct. 2002, and 10 Nov. 2003. Cattle
were finished on 17 Apr. 2002, 6 Apr. 2003, and 31 May 2004.

‡ Investment returns (5% per annum adjusted to a daily rate of 0.014%was
used) represents potential income a producer would have earned by using
the proceeds from cattle sales and investing until the time of final sale.
Operating interest on half of the payments for feeding charges (grazing,
veterinary, and incidental as well as feedlot charges) are subtracted, as
payment of feed charges may occur at any point during the feeding period.

§ Supplemental hay fed during the winter, cow–calf replacement charges,
and cull cow grazing returns are adjusted to a per-cow basis and are
averaged to remove bias of excessively high or low hay consumption, cull
cow performance, and/or cow–calf replacement costs.

¶This charge represents the 56-d portion of a pasture fee of $18 hd21 for
the summer grazing season but not the veterinary and incidental charges
of $12 hd21.

# Summer grazing includes all of the $18 hd21, and veterinary and
incidental charges of $12 hd21.

††Feedlot cost (including feed, veterinary, insurance, and yardage) is
adjusted on a per-animal basis according to weight gained.

‡‡Preweaning death losses are hypothesized to be similar across
treatment. Summer grazing losses did not occur and feedlot death loss
costs were averaged across all placements.

Table 3. 1996 through 2004 monthly Arkansas average prices† for
medium to large frame No. 1 feeder steers and heifers, cull
cows,‡ second- and third-stage pregnant cows, and cow–calf
pair prices for months of transactions used.

Medium- to
large-frame No. 1
feeder heifers

Medium- to
large-frame No. 1

feeder steers
Weight category or
animal type Apr. May June Apr. May June

$ kg21

136–204 kg 2.21 2.16 2.14 2.54 2.47 2.45
205–227 kg 2.06 2.02 2.02 2.32 2.26 2.24
227–272 kg 1.93 1.91 1.92 2.13 2.09 2.08
273–318 kg 1.79 1.80 1.84 1.96 1.97 1.98
318–363 kg 1.68 1.72 1.76 1.82 1.83 1.88

Jan. Mar. Apr. June Oct. Dec.
Short bred or open

replacement cow
0.97 1.03 1.03 1.01 0.98 0.99

3-6 mo. pregnant
replacement cow

1.15 1.21 1.19 1.13 1.15 1.18

6-9 mo. pregnant
replacement cow

1.26 1.33 1.31 1.26 1.23 1.3

$ hd21

Replacement cow with
45- to 91-kg calf at side

702.82 726.06 746.66 741.12 694.22 717.8

†All price and cost information is adjusted for inflation to 2004.
‡Replacement cows are pregnancy tested or nursing a calf and weigh
between 386 and 544 kg and are 2 to 8 yr old.
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in COG was explained by the independent variables. Further,
changes in the average cost of gain were driven mainly by
fluctuations in the price of corn in the feed ration (Pearson
correlation coefficient between COG and CORN was 0.94)
rather than changes in FCV, WGAIN, or ALF.

Since long-run average feedlot finishing costs, representa-
tive forArkansas cattle typically shipped toKansas,Oklahoma,
or Texas feedlots, were not obtainable from this experiment,
coefficients from Eq. [1] were used to approximate the cost of
gain for individual steers on the basis of observed weight gain,
holding all other values at the 1996 to 2004 averages (again
adjusted for inflation).

Death Losses, Replacement Charges, and Cull-Cow
Grazing Returns

Calf death losses occurred at or near time of fall calving and,
in one instance, just before weaning. These losses were tracked
by accounting for cattle replacement costs. There were no
death losses during the summer grazing period. At the feedlot,
four steers died in 2003. The value of these animals was ap-
proximated by averaging partial returns per cow at time of
feedlot placement across all years and was deducted evenly
from returns across all treatments.

Cattle replacement costs (sale, if any of the cull animal, less
cost of replacement animal) as well as cull cow grazing returns
(purchase cost less sale price in $ hd21) were totaled across all
years and treatments and an average replacement cost or
grazing return was assigned to the treatments that required
cattle replacement and/or had cull cows grazing rather than
assigning the individual animal’s actual replacement cost and/
or grazing return. This was done to guard against the impact

Table 4. 1996 through 2004 monthly average prices† for medium-
to large-frame No. 1 feeder steers‡ and live cattle§ for months
of transactions used.

Weight category October November

159–181 kg 2.53 2.59
182–204 kg 2.39 2.45
205–227 kg 2.31 2.37
227–249 kg 2.21 2.23
250–272 kg 2.10 2.09
273–295 kg 2.02 2.05
295–318 kg 2.05 2.02
318–340 kg 2.05 2.03
341–363 kg 2.03 2.01
363–386 kg 2.01 2.02
386–408 kg 1.95 1.91
409–431 kg 1.91 1.84
4311 kg 1.85 1.72

†All price and cost information is adjusted for inflation to 2004.
‡Feeder steer prices are state averages for Kansas.
§ Prices for live cattle (free on board at the feedlot with a 4% pen-
cil shrink) for five market areas of Texas/Oklahoma, Kansas, Colo-
rado, eastern Nebraska, and Iowa/Minnesota were $1.72 kg21 and
$1.71 kg21 for April and May, respectively. The prices are weighted
by number of cattle, live weight, and averaged across cattle grade
(LMIC, 2005).

Table 5. Probabilities of F values from Type III tests of fixed
effects of weaning date, rotation frequency, and sale time as
well as random effects of year and pasture replication on partial
returns obtained from steer and heifer production obtained
from SAS PROC MIXED analysis.

Effect Steers Heifers

P . F
Weaning date (W) 0.0005 ,0.0001
Rotation frequency (R) 0.6987 0.7524
Sale time (T) ,0.0001 na†
W 3 R 0.0179 0.0815
W 3 T 0.3773 na
R 3 T 0.5827 na
W 3 R 3 T 0.8713 na

†Not available. Heifers were sold at time of weaning only whereas the
steers were monitored to the time of placement in the feedlot and
subsequently the time of cattle finish at the end of the feedlot phase.

Table 6. Average production system statistics per cow by steer vs. heifer at time of weaning.†

Heifer Steer

2E 2L 8E 8L 2E 2L 8E 8L

Revenue
Weight, kg hd21 217 261 208 271 221 273 222 281
Price, $ kg21 2.02 1.89 2.05 1.87 2.26 2.03 2.23 2.02
Investment return, $ hd21 22.04 21.32 21.54 21.70 25.35 23.93 25.56 24.66

Total revenue, $ hd21‡ 441.25 492.09 427.08 507.54 500.44 552.56 496.97 566.31
Costs
Supplemental hay, $ hd21§ 77.29 76.55 80.51 77.04 77.29 76.55 80.51 77.04
Cow–calf replacement, $ hd21

¶ 7.26 6.57 10.16 6.83 7.26 6.57 10.16 6.83
Cull cow grazing, $ hd21# 0.23 0.28 0.18 0.24 0.23 0.28 0.18 0.24
56-d grazing, $ hd21 0.00 4.92 0.00 5.01 0.00 4.99 0.00 4.98
Rotational fencing, $ hd21 0.00 0.00 1.50 1.50 0.00 0.00 1.50 1.50

Total costs, $ hd21 84.78 88.32 92.35 90.62 84.78 88.38 92.35 90.58
Partial returns, $ hd21 356.47 403.77 334.72 416.92 415.66 464.18 404.62 475.73
CV of partial returns, % 8.6 15.1 10.4 8.1 11.5 10.0 10.1 10.4
Least squares means†† 355.62b 403.87a 335.94b 417.66a 431.73bc 462.78ab 390.58c 487.13a

†The production system number indicates the number of paddocks and implies rotation frequency (2 is rotating twice monthly and 8 is rotating twice
weekly) whereas the letter represents early (E) weaning in April vs. 56 d later (L). See Table 1 for description of cost and revenue items that encompass
the different production systems. Number of head per treatment is presented in Fig. 1 and 2.

‡Total revenue is adjusted for 4% shrink and investment returns. Since weights and prices vary per head the number is different from the average that could
be calculated using the information in the table (i.e., prices were adjusted for weight category on an individual animal basis).

§Hay consumption hd21 can be derived by dividing the supplemental hay cost by its price ($0.025 lb21).
¶During the period of the study, 4 and 5 cows or cow–calf pairs were replaced for each of 2E, 2L, 8L, and 8E, respectively. Note that the average cost
of replacement was $85.35 hd21, which was further adjusted by the treatment cow numbers of 47, 52, 42, and 50 for 2E, 2L, 8E, and 8L, respectively.

#During the period of the study 18, 25, 13, and 20 cull cows were grazed for part of the spring peak season on 2E, 2L, 8E, and 8L, respectively. Note that
the average loss per cull cow was $0.59 hd21 (excluding marketing and transportation charges) which was further adjusted by the treatment cow numbers of
47, 52, 42, and 50 for 2E, 2L, 8E, and 8L, respectively.

††Least squares mean partial returns for the same cattle sex followed by the same letter are not significantly different as determined by multiple t tests
at the 10% level. Least squares means differ from the partial returns in the previous row since least squares means were calculated by first
average individual cow partial returns by pasture and then across years compared with calculating the simple average across all individual cow par-
tial returns.
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of unusually high or low costs of low performance of indi-
vidual animals assigned to the different treatments while still
capturing quantitative performance differences across treat-
ments (e.g., a particular treatment could have relatively more
cattle replacements but the cost of each replacement was the
same across treatments).

Cattle Price Data

Weekly and monthly price and cost information were ad-
justed for inflation and averaged by month over the period of
1996 to 2004 as necessary. Simple average prices for different
weight categories and animal types are reported in Tables 3
and 4. Use of long-run average prices was deemed appropriate
to highlight effects of production system differences by elimi-
nating effects of unusually high or low cattle prices as a result
of cattle cycles, price trends, and random events. Output price
risk was thus captured in the sense that the time of cattle sales
was associated with its appropriate seasonally adjusted long-
run average price but input price risk was not reflected.

Risk Measurements

Annual partial return observations (in $ cow21 for calves
weaned or sold) were compared across systems by examining
average partial returns as well as their empirical cumulative
distribution functions (CDFs) constructed using Schlaifer’s
(1959) fractile method. This was done as visual examination of
CDFs allows the reader their own unique interpretation of the
riskiness of each of the production systems for heifer and/or
steer production by time of sale by presenting minimum and
maximum partial returns as well as the likelihood of attain-
ing various levels of partial returns as compared to merely
reporting the average and CV. Cumulative distribution func-
tions with a narrower range of observations will be steeper
than those with a wider range of observations and thus pref-
erable to the risk-averse cattle producer. Further, the hori-
zontal position of the CDFon the partial return scale allowed a
comparison of return levels across the spectrumof return obser-
vations. Curves with observations furthest to the right would,
at a given cumulative likelihood, experience the highest par-
tial returns, and would therefore be deemed preferable to those
that have observations to its left. Note, however, that a defini-
tive statement about which production system a producer would
choose is not possible using this analysis framework, as each
individual producer may have different risk preferences.

Visual examination of the CDF analysis was complemented
by testing for statistically significant differences across fixed
effects of production systems (weaning date and rotation fre-
quency) and time of sale (for steer calves only) using PROC
MIXED in SAS (Littell et al., 1996). Year and pasture pad-
docks were treated as random effects and degrees of freedom
were adjusted using the Satterthwaite option.

RESULTS
Rotation frequency, weaning date, and sale time are

all significant either by themselves or as interactions at
the 10% level of significance (Table 5). The overriding
effect was weaning date and sale time for the steers and
weaning date for the heifers. These results supported
separate reporting of average performance statistics for
the three fixed effects.
Table 6 and Fig. 1 provide a comparison of partial

returns for steers vs. heifers at time of weaning. On the
revenue side, weaning weights were lower for the early

weaning date treatments for both heifers and steers
as expected. This disadvantage was partially offset by
higher prices for lighter weight calves sold earlier in the
season. Increasing the rotation frequency had minimal
impact on weaning weights of steers and numerically
decreased weaning weight of heifers (2E vs. 8E). On the
cost side, supplemental hay costs and cow–calf replace-
ment costs did not follow a priori expectations. The
highest feed bill and cow–calf replacement charges were
incurred by the 8E system. This was likely due to stock-
piled fescue losses incurred as a result of excessive win-
ter rainfall and ice that affected the 8E system the most.
Removing the impact of these costs, however, had little
impact on the ranking of the production systems, and
as a result this effect was considered of little conse-
quence for subsequent analyses.2 For both heifers and
steers, the 8L system had highest average partial returns,
and Fig. 1 revealed superior returns for most of the
range of observations for both steers and heifers (CDF
lies furthest to the right). Increasing the rotation fre-
quency (8L) thus improved partial returns to the pro-

2 Authors can be contacted for additional information.
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ducer mainly by way of higher weaning weight but this
was not statistically significant when compared with 2L
(Coffey et al., 2005).

Table 7 and Fig. 2 exhibit the comparison of partial
returns by steer production system for different times of
sale (weaning vs. feedlot vs. finish). On the revenue side,
the late weaning systems showed the best performance
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regardless of sale time, although the gap in weight and
revenue was largely closed between 2E, 2L, and 8L by
time of cattle slaughter. At the same time, comparison
of least squares means revealed that while the 8L system
proved superior across sale times, the 2L system had
statistically similar returns. This suggests, again, that the
higher rotation frequency is not economically justifiable
given also the reported lack of differences in relative
pasture performance for this study (Coffey et al., 2005).
As mentioned previously, failure of more intensive ro-
tational management to improve individual animal gains
is not uncommon (Volesky et al., 1990; Bertelsen et al.,
1993; Hoveland et al., 1997; Barker et al., 1999; Lomas
et al., 2000).
On the cost side, small weight gains for the late-weaned

calves over the hot part of the summer grazing period
lead to high cost of gain for the period between weaning
and time of placement. Early weaned calf weight gains
proved superior to late-weaned calf weight gains over
this period mainly because early weaned calf gains in-
cluded gains from the 56-d feeding period at the start
of the summer grazing period that is associated with
cooler seasonal temperatures. All calves, regardless of
production system, were not managed for high rates of
gain during the summer period and therefore experi-
enced attractive feedlot performance likely due to com-
pensatory weight gain.
Three other results are interesting. One, the range of

return observations increased with the length of time
that ownership on the calves was retained (CDF plots
became flatter when moving from Panel A to Panel C
in Fig. 2). Two, the statistical ranking (bottom row of
Table 7) of production systems for the two best perform-
ing systems (8L and 2L) did not change with the time of
sale. Three, retaining ownership through the finishing
phase in the feedlot resulted in the highest partial re-
turns regardless of pasture rotation frequency and wean-
ing date (P , 0.0149). These improvements in partial
return per cow by retaining ownership through the fin-
ishing phase compared with sale at time of weaning
ranged from 9.4% (8L) to 17.4% (2E) or from $44.66
(8L) to $72.47 (2E).

CONCLUSIONS
Cow–calf producers facing similar conditions as those

described in this study may be advised that (i) early
weaned calves did not regain the weight disadvantage
observed at time of weaning, relative to late-weaned
calves; (ii) more intensive pasture management (rotat-
ing twice weekly rather than twice monthly) was not
worth the effort because partial return results for late-
weaned steer and heifer calves did not differ statistically
by rotation frequency regardless of sale time; (iii) partial
returns were highest for calves retained through the
finishing stage at the feedlot (regardless of production
system) compared with sale at time of weaning or time
of placement in the feedlot; (iv) the range of returns or
financial risk exposure increased with length of calf
ownership (excluding input price risk and only partially
accounting for output price risk).

The study could be improved by increasing the num-
ber of years of observations to be able to determine
trends in beef and/or pasture production associated with
rotation frequency and weaning time as well as the in-
corporation of observed price risk. Also, the study
utilized an average five-market weighted average price
for cattle sales at time of finish. This was deemed appro-
priate since calves were sourced from similar genetic
backgrounds and fed using the same feedlot ration dur-
ing the same period of time in the feedlot each year. Re-
sults may have differed with more observations, which
might have allowed capturing more individual perfor-
mance statistics. For example, steers might be fed for
different periods in the feedlot each year and thereby
finish with potentially different quality grades.
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